The use of nitrogen-fixing diazotrophic bacteria such as Azospirillum spp. could be an important alternative to reduce nitrogen fertilization in upland rice field. The objective of this study was to determine the effect of nitrogen application at topdressing and seed inoculation with strains of Azospirillum spp. on the plant biomass, foliar nutrient concentration, yield components, grain yield and nutrient concentration of grains in upland rice under a no-tillage system. ).
Introduction
Rice is a crop grown throughout the world, occupying area of more than 164 million hectares in 2014, with an annual production of around 741 million Mg of paddy grains. China is the world's largest rice producer, contributing about 27.8% of world production (FAOSTAT, 2017) . Globally, Brazil ranks ninth in the production of rice grain, with an estimated production of 12.3 million Mg (2016 Mg ( /2017 in an area of almost 2 million of ha (CONAB, 2017) . Rice is a crop that is easily adaptable to different soil and climate conditions. This species has a greatest potential to increase production and to fight against global hunger (Kumar and Ladha, 2011; Guimarães et al., 2013) . Rice production depends mainly on the availability of nitrogen (N), as this is one of the main nutrients responsible for the increase in grain yield (Fageria, 2009; Fidelis et al., 2012; Fageria, 2014) . To achieve high grain yields, most producing countries apply high doses of N fertilizer in rice paddies. In the irrigated rice cultivations of China, they usually use 100 and 200 kg ha -1 of N. In the Philippines, the best response to N application is found at around 150 kg ha -1 of N (Dobermann et al., 2000) . The flooded rice crops in Brazil receive about 90 to 120 kg ha -1 of N (Fageria et al., 2003; Hernandes et al., 2010) . Upland rice research has pointed out doses ranging up to 140 kg ha -1 of N (Fageria, 2014) . Rice, along with corn and wheat, consumes about 60% of the entire N used in the world (Ladha et al., 2005) . The mineral N is an expensive fertilizer and its excess use can cause damage to the environment, such as the contamination of water sources (Fageria, 2014; Martins et al., 2015) . Therefore, it is important that rice management not only reduces production costs but also reduces the environmental pollution levels caused by the use of this fertilizer. The use of alternative technologies to reduce N fertilizers in rice crops includes their inoculation with endophytic bacteria (Prakamhang et al., 2009) . These bacteria are able to use atmospheric N; thus capable of being assimilated by plants. Biological fixation, performed by diazotrophs, is a process of great importance because it is responsible for the incorporation of considerable amounts of atmospheric N, in both natural ecosystems and in agricultural systems (Guimarães et al., 2010) . Vogel et al. (2013) made a revision about the use of diazotroph bacteria in rice. They reported the benefits related to the morphological aspects of the rice plant including N accumulation in the plant and in the grain, showing increases in root area and plant height, positive contributions related to green and dry mass and the number of panicles. Improvement in grain yield and the partial substitution of N was also verified. They mentioned that benefits may be attributed to the accumulation of biomass in grains and to photosynthesis justified by the increase in the leaf´s N rate related to the symbiosis with Azospirillum brasilense in the root system area. According to Guimarães et al. (2010) , who studied seeds of rice cultivars IR42 and IAC4440 inoculated with peat containing strains ZAE94 (BR 11417 -Herbaspirillum seropedicae and M130 (BR 11340 -Burkholderia sp.), there were positive effects of inoculation in both studied cultivars in all evaluated parameters, mainly in the accumulation of nitrogen in plants and grains. Sabino et al. (2012) reported that the inoculation of the strains of Diazotrophic together with the application of 50 kg N ha -1 led to the largest accumulations of biomass in seedlings of rice cultivars IR42 and IAC4440. Kuss et al. (2007) observed that Azospirillum brasilense can provide greater increases in rice cultivar IRGA -420. Gitti et al. (2012) showed that the inoculation of rice seeds with Azospirillum brasilense was effective to provide increases in leaf N content, number of panicles per m 2 and dry biomass and the mass of 100 grains in upland rice. Guimarães and Baldani (2013) pointed the most promising results towards the IAC4440 cultivar, with increases of up to 54% in grain production due to the inoculation of diazotrophic bacteria. However, despite the researches conducted in this subject, there are still few studies under field conditions, especially in rainfed cultures and fewer in the Cerrado region. We had the hypothesis that use of N rates increase content of nutrients in leaves and grains, biomass, yield components and grain yield or rice and the use of diazotrophic bacteria would potentiate the effect of N rates in upland rice development. Therefore, the objective was to determine the effect of nitrogen application at topdressing and seed inoculation with strains of Azospirillum spp. on plant biomass, foliar nutrient concentration, yield components, grain yield and nutrient concentration in grains of upland rice under no-tillage systems in a Cerrado Region.
Results

Nutrient content in rice leaves
There was no effect of microorganism types on the nutrient content in rice shoots ( Table 1 ). The only exception was iron, where Hernaspirillum Z94 provided higher content in rice leaves when compared with Azospirillum 245. Regarding N rates, there were single effects on N, P, Ca and Mg content in rice shoots. Nitrogen and Ca had linear trend with increasing of N rates (Fig. 1 ). Phosphorus and Mg showed quadratic trend with increasing N rates. There was interaction between N rates and diazotrofic bacteria types on K, S, Cu and Mn concentration in rice leaves (Table 1) . Commercial Azospirillum allowed higher K, S, Cu and Mn concentration to absorb due to increased N rates (Fig.2) . Hernaspirillum 94 acted less than Commercial Azospirillum, but also provided an increase in the K, Cu and Mn concentration of rice leaves, while S concentration was not significant. Azospirillum 245 provided a reduction in the content of N and Mn in rice leaves, an increase in the S concentration and no significant effect on Cu concentration. There was no difference in any macro and micronutrients concentrations in rice leaf upon treatments of diazotrofic bacteria, compared to the control (no bacteria treatment) ( Table 1 Table 2 ). The control treatment did not differ by any of these variables. Regarding N rates, there were single effects on shoot dry biomass, number of panicle per meter, number of grains per panicle, mass of 1000 grains and grain yield ( Table 2 ). All these variables were adjusted by linear equation (Fig. 3) . The only exception was number of panicle per meter that fit to a quadratic equation. Shoot dry biomass, number of panicle per meter, number of grains per panicle and grain yield increased values upon increasing N rates. On the other hand, mass of 1000 grains reduced values after increasing N rates. In the growing season 2016/2017, shoot dry biomass, number of panicle per meter, number of grains per panicle and grain yield was higher in growing season 2015/2016 (Table 2) . Besides, there were no differences among these variables, compared to the control treatment.
Nutrients concentrations on rice grains
There was no effect of bacteria on the N, P, K, Mg, Fe, Mn and Zn concentration in the rice grains (Table 3) . There was single effect of N rates on N, P, Cu and Fe concentration on rice grains. Nitrogen, P, Cu and Fe was fit to a linear equation increasing values due to increasing N rates (Fig.4) . Commercial Azospirillum increased the Cu content in rice grains, differing from Azospirillum 245. On the other hand, Ca content in rice grains when treated with Azospirillum 245 was higher than the other diazotrophic bacteria. Concentrations of N, P, K, Ca, Mg and Zn in rice grains was higher in growing season 2015/2016 than in growing season 2016/2017 (Table 3 ). The content of Cu and Mn was higher in 2016/2017 than in 2015/2016. There was no difference between nutrient concentration in rice grains, compared with bacteria and the control treatment. 
Discussion
Rice grain yield was higher in the growing season 2016/2017 than 2015/2016, which could be related to the soil fertility (Sousa and Lobato, 2004) and rainfall distribution ( , 2014) . As indirect effects, the microorganisms can provide greater efficiency in the gas exchange process and/ or increasing the uptake of water and minerals (Pérez-García et al. 2011; Zhang et al. 2011; Nascente et al., 2017) . In our study, commercial Azospirillum provided increases in P content in rice leaves and differed from the control treatment (Table 1) . Besides, commercial Azospirillum allowed increases in Cu content in rice grains and Ca content in rice grains when treated with Azospirillum 245. Nitrogen rates with diazotrophic bacteria provided differences in the K, S, Cu and Mn content in rice plants. The commercial Azospirillum provided increases in all these nutrients, after increasing N rates. In this sense, this diazotrophic bacteria showed more promising that the others. However, Hernaspirillum Z94 also increased these nutrient contents and allowed higher values than Azospirillum 245. Nitrogen, P, Ca and Mg increased their content in rice leaves as increased N rates. Kuss et al. (2007) also reported increases in N content in rice leaves and observed that this increases is linked to the rates of N applied at topdressing. So, the increase of N rates increased the availability of this nutrient and contributed to linear increase of plant tissue (Hernandes et al., 2010; Gitti et al., 2012; Lopes et al., 2013) . According to Fageria (2014) and Reis et al. (2017) the N and P are part of several structures in the plant and usually increasing the levels of one nutrient in rice leaves implies the increase of the other. The increased content of Ca and Mg upon increasing N rates could be due to more N uptake by rice plants. The plants also need to uptake more nutrients, such as Ca that is important for the cell wall and Mg to the chlorophyll (Fageria, 2014) . The mass of 1000 grains was reduced due to increased N rates. This could be attributed to increasing the number of grains per panicle due to a tendency to reduce the mass of grains (Santos et al., 2006) . The rates of N increased biomass dry matter, number of panicle, grains per panicle and as a result grain yield. Number of panicle per meter and grains per panicle are yield components that directly influence in the grain yield (Yoshida, 1981) . Nitrogen is a structure nutrient and it is expected that its increases provide increases in plant development, yield components and grain yield (Fageria, 2014) . Hernandes et al. (2010) , Fageria et al. (2011) , Nascente and Lanna (2016) and Fageria (2014) reported that nitrogen fertilization in rice is directly related to increased crop productivity.
Increasing N rates provided increases in N, P, Cu and Fe content in rice grains. Also Zaki (2016) showed that increasing N rates increased N, P and Fe in the grains. According to Ahemad and Kibret (2014) , fertilization can influence effects of diazotrophic bacteria on plants. On the other hand, Fageria (2014) stated that increasing N rates can also enhance grain nutrient content. Overall, in our trial it was observed that diazotrophic bacteria did not affect upland rice development. This could be because of high level of soil organic matter (SOM) in the soil (Table 4) . It is likely that high level of SOM can inhibit bacteria activities to prevent more N supply to the rice plants. Also Pereira et al. (1988) , Guimarães et al. (2010) , Gitti et al. (2012) reported that the use of diazotrophic bacteria did not affect rice grain yield. This negative result of using diazotrophic bacteria could be justified by many other factors involving in production such as influence of variability in bacteria and plant, phenological stage, characteristics of the soil, performance of other macrobiotic components, competitiveness, among others factors, etc. (Sturz and Nowak, 2000) . In this way, studies should be done to elucidate the interactions between diazotrophic bacteria with other factors to allow using these bacteria in effective way. According to Silva et al. (2016) , in cereals, N recovery efficiency at a global level is reported to be less than 40%. This low recovery efficiency could be associated with nutrient losses by leaching, denitrification, volatilization and soil erosion (Fageria, 2014) . Thus, to achieve maximum benefits in terms of fertilizer savings and better upland rice growth, we have to develop new technologies to introduce diazotrophic bacteria and reduce N fertilization when aiming a sustainable agriculture.
Materials and methods
Site description
The experiments were conducted at the Capivara Farm of the Embrapa Rice and Beans Unit, which is located in Santo Antônio de Goiás, GO, Brazil, at 16º28'00"S and 49º17'00"W and at an elevation of 823 m. The climate is of a tropical savanna nature and is considered Aw according to its Köppen classification. There are two well-defined seasons: a usually dry season from May to September (autumn/winter) and a wet season from October to April (spring/summer). The average annual rainfall is between 1500 and 1700 mm, and the average annual temperature is 22.7°C, ranging annually from 14.2°C to 34.8°C. During the period of this study, the temperature and the amount of rainfall data were recorded (Fig. 5) . The soil is classified as a clay loam (kaolinitic, thermic Typic Haplorthox) acidic soil. Prior to the study, chemical and physical analyses were performed for the initial characterization of the area in November 2015 and 2016 (Table 4) . Chemical and physical analyses were performed according to the methodology proposed by Claessen (1997) . The experimental area had been previously cultivated in a crop-livestock integration style using a no-tillage system for seven consecutive years, followed by a crop rotation program of soybean (summer), rice (summer) and irrigated common bean (winter), corn + Brachiaria (summer), and two years of grazing pasture. The installation of experiments was conducted in plots, where the upland rice was the crop to be grown following the established program of crop rotation. ) applied at topdressing fertilization, as urea, broadcasted on the soil surface of the plots. The plots had dimensions of 3.5 m x 6 m. The usable area of the plot was composed of the four central rows of rice, disregarding one row and 0.50 m to the front side of each plot.
Experimental design and treatments
Rice crop management
Cover crops were desiccated with application of glyphosate (1.8 kg ha -1 acid equivalent) 30 days before sowing of the upland rice. The sowing was performed mechanically using 200 seeds per m -2 of rice. The seed was sown on December 15 th , 2015 and on November 11 th , 2016. Shortly before sowing the rice, seed inoculation was carried out with diazotrophic bacteria, according to each treatment. Inoculation was performed in the shade and 216 viable cells per gram of each product were used, using a dose of 200 g of inoculums per 25 kg of seed. Rice plant emergence occurred five days after sowing for the growing seasons. The base fertilization was calculated according to the soil's chemical characteristics and followed the recommendations of Sousa and Lobato (2004) and applied in the sowing furrows. Therefore, the sowing fertilization was 20 kg ha -1 of N as urea and 100 kg ha -1 of P 2 O 5 as triple superphosphate for both years. Nitrogen topdressing fertilization (as urea) was performed 18 days after rice emergence, according to each treatment. Cultural practices were performed according to standard recommendations for a rice crop to keep the area free from weeds, diseases and insects.
Nutritional status of rice
Rice leaf samples were collected from the flag leaf at the full blooming stage. Leaves from 50 plants per plot were collected as proposed by Malavolta (2006) , washed and then dried under forced-air circulation at 65 °C for 72 h before grinding and analyzing the samples for chemical composition. The concentrations of N, P, K, Ca, Mg, S, Cu, Zn, Fe and Mn were determined using the methods described by Malavolta et al. (1997) .
Shoot dry biomass
Rice shoots of 1.0 m from one of the rows in each plot were sampled at the full blooming stage. The shoots were washed in water and then dried in a forced air circulation oven at 65 º C, then weighed to determine the shoot dry mass content.
Yield components and grain yield
Rice harvesting was carried out by hand after physiological maturity (March 30, 2016 and March 21 st , 2017) of the grain in the usable area of each plot. Plots were evaluated for the number of panicles m -1 , which was determined by counting the number of panicles within 1.0 m of one of the rows in the useful area of each plot; number of grains per panicle was determined by counting the number of grains in 10 panicles, randomly sampled in the usable area and divided by 10; the mass of 1000 grains was randomly evaluated by collecting and weighing 1000 grains from each plot, corrected to a water content of 13%; and the grain yield was determined by weighing the harvested grain of each plot, corrected to 13% of the water content and converted to kg ha -1 .
Nutrient content in grains
In each plot, one sample of 100 g of grains was taken for nutrient analysis. The grains were ground and analyzed to determine the levels of nutrients (N, P, K, Ca, Mg, Cu, Zn, Fe and Mn) according to the methodology proposed by Malavolta et al. (1997) .
Statistical analysis
For the statistical analysis, the SAS Statistical Software, SAS Institute, Cary, NC, USA (SAS, 1999) was used. In qualitative variables (upland rice yield components, grain yield, nutrient concentration in leaves and grains), data was subjected to an analysis of variance, and when the F test proved significant, the data was compared by a Tukey test at p<0.05. In the quantitative variables (N rates), results were subjected to regression analysis when p<0.05.
Conclusion
Our results concluded that the use of diazotrophic bacteria did not increase nutrient contents in leaves and yield and yield components in grain yield of upland rice. The absence of positive results due to N application should be attributed to the high level of soil organic matter, which inhibits effects of bacteria. On the other hand, increasing rates of N enhanced N, P, K, Ca, Mg, S, Cu and Mn in leaves, N, P, Ca, Cu and Fe in the grains, and biomass, panicle per meter, grain per panicle and grain yield of upland rice.
